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Objective of the project

APrototype a method for monitoring and mapping
globally industrial forests, using Landsat data

Aindustrial forest = forest with productive use:
b Plantations
b Semi -natural forests

AStudy Area:
b Wall-to-wall CONUS
b test sites in tropics

ATests of combined used of Landsat and LIDAR
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Large RS heritage on forest
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Large RS heritage on forest monitoring
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Current project activities

1. Detecting Landsat -era forest management activity:
2003 -2011 forest clearcuts inthe CONUS

2. Detecting pre -Landsat forest management
activities combining  Lidar and Landsat data: test
cases in the Pacific Northwest
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Large RS heritage on forest monitoring
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Disturbance type characterization in the CONUS

Segmentation

Objectc level
VI time series

Temporal Segmentation anc

Feature Extraction

Random Forests Classificatic

Post- Classification ]
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11T Segmentation

Forest cover loss objects
8-neighbourhood connectivity
Same forest cover loss year
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Temporal analysis

Object -oriented version of the LandTrendr Algorithm
(Kennedy et al, 2010)

ATime series of spectral indices for each object, extracted
from the WELD annual composites

b RGI, NDVI, NDMI, B54R, NBR, g5, TCgriy TC gRrE:
TCyer

ATemporaI segmentation of the trajectory

AClassification based on the trajectory characteristics
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Temporal Trajectory Segmentation

h02v06-156745 .
Representative parameters:

T - Minimum and maximum

e slope

S - - Average value in the 2 years
o
z before and 2 years after the

< disturbance

< - Magnitude of the change

= between the two average

2004 2006 2008 2010 2012 Values
year
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Random forest classification: training data

Trainingsetof ~ 2000
forest cover loss objects of
known disturbancégy/pes

Visual interpretation of:

A WELD composites

A USDA NAIP aerial photos

A high resolution satellites imagery

A ancillarydatasets (MTBS
perimeters antd SFS insect

outbreakocations)
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Random forest classification output
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Random forest classification output
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Random forest classification output
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Random forest classification output
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Post classification with MODIS active fires
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Post classification with MODIS active fires
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2004 -2011 forest disturbances

Insect outbreaks




2011 Clearcuts
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Clearcut trends

CONUS clearcuts
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Forest Ownership: Public

State / Local public




Forest Ownership: Public and Private

State / Local Public

Corporate

Family / Other Private



Disturbances and Land Ownership
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Disturbances and Land Ownership
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Disturbances and Land Ownership

Forest Ownership

2004-2011 Fire Area
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Disturbances and Land Ownership

W SRR R
205 4 ot S 4

e S ! e

‘4 Washington ldaho
. ForestArea Clearcut Rate |ForestArea Clearcut Rate |ForesthArea Clearcut Rate B
79% "‘_ FedPublic 40536 365 0.1% 70333 A0  0.1% 73315 585 0DA%E

' 3| statePublic 10151 687 0.3% 4787 341 0.9% 3379 287 0.9% |
A LocalPublic 1653 105 0.8% Q 0 MSA 623 CL 1.0%
! FamilyPrivate 10532 671 0.3% 5652 374 0.8% 15092 873 0.7% ‘
19067 2018  1.3% 4978 443 1.1% 24005 2451 1.3% .‘_‘;-_
0.8%

State / Local Public

Corporate

Family / Other Private



Disturbances and Land Ownership
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What Is the logging rate? Is it sustainable?

Washington: 97,1 ha

Idaho: 40,5 ha on state
lands; otherwise, no
limit

e |lampshire,
Yermont, Sew
Yorle Mo limit

Morthwest Northeast Midwest Southeast
Forest tvpe Dy and moist conifer Spruce Waorthern & Southern pine
central
hardwoods
Rotation - S0-60 vr G0-R0 3T B0 00 wr 25 wr
Sawlops
Rotation -Pulp 20yt 20w - [2-15 y1
LTEneral T At apC 12-1, T At dow Lo- 1o, TG R o
silvicultural possible thin [0 vrs possible thin 10 - | thinnings, first at plantation;
praclices belore hurvest 15 vy belure age 20-25 inlensive
huorvest lertilization and
thinning
Final harvest Cleareul Purtial hurvest Clearcul Cleareut
regencration
sysiem
Maximuin Calilornia: £.1 ha blaine: 97,1 ha Mo limit Mo limit
clearcut size — _ » with restrictions:
Statc law Oregon: 45,6 ha
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What 6s next

ARefinement of the methodology

Avalidation and uncertainty assessment (spatial and
temporal)

Alls forest harvest in CONUS sustainable?
b Clearcut rate by region and forest type
b Comparison with rotation times
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Current project activities

1. Detecting Landsat -era forest management activity:
2003 -2011 forest clearcuts inthe CONUS

2. Detecting pre -Landsat forest management
activities combining  Lidar and Landsat data: test
cases in the Pacific Northwest
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Mapping the extent of the industrial forest

Awell defined for plantations, where it can be solved as a
classic RS problem (tree specie mapping)

AWeakly defined for semi  -natural plantations, where the
vegetation composition is the same as natural
vegetation. Remote sensing alone is not sufficient:

b Ownership and protection status

b Logging history shapes forest characteristics
b Shape of homogeneous plots

b Stand age
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Tropical Plantations

ABrazil: eucalyptus
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Tropical Plantations

AMaIaysia: Oil Palm and Rubber
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Characteristics of industrial

ALogging practices
are dictated by
forest type, forest
productivity,
economic
considerations,
constraints due to
regulations
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clearcuts

Northwest Northeast Midwest Southeast
Forest type Dy and maoist conifer Spruce Northern & Southern pine
central
hardwoods
Ruotation - S0-000 vr G0-R0 yr B0 100 vr 23w
Sawlogs
Rotation -Pulp 20yr 2 - [2-15yr
General Thin at age 12-14, Thin at age [2-14, Multiple Rovar crop
silvicultural possible thin 10 yrs possible thin 10 - | thinnings, first at plantation;
praclices belore harvest 15 w1y belore age 20-15 inlensive
hirvest lertilizalion and
thinning
Final harvest Cleurcul Purtial hurvist Clearcut Cleareut
regencralion
sysiem
Maximum Calilornia; ¥.1 ha blaine: 97.1 ha Mo limi Mo L
clearcut size — _ o with restrictions;
State law Oregon: 48,6 ha

Washington: 7.1 ha

Idaho: 40,5 ha on state

lands; otherwise, no
limit

“ew |lampshire,
Yermont, New
Yorle Mo limic




Distinctive Patterns: California
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Distinctive Patterns: Maine
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Distinctive Patterns: Oregon
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From Landsat é

Clearwater NF
(Idaho)

€

6 Kilometers
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From Landsat é

Clearwater NF
(Idaho)
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From Landsat é

Clearwater NF
(Idaho)
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Deforestation or forest
management?Object -oriented classification

AuUse of ancillary information about forestry practices

ACIassification based on
b Size
b Shape (compactness, linear or curvilinear edges)
b Contextual information
b Presence or absence of logging in previous years

ALIDAR i Landsat data fusion
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Detecting past clearcuts : LIDAR T L8 fusion
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LIDAR; 95" % height
2012 acquisition

FACTS harvest data
(19562005)

Year of harvest

W 2005

1956

Walue
99,2344

0

£




LIDAR; 95" % helght
2012 acquisition

FACTS harvest data
TM era (19842005)

Year of harvest

P 2005

1956
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LIDAR; 95" % height o
2012 acquisition :

FACTS harvest data gt ==
Landsat era (197200 g =4, a0 a

Year of harvest i
™ 2005
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. b2 il | -
95 th Percentile of Height # %
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LIDAR; 95" % height 7%
2012 acquisition .

r

FACTS harvest data
Pre-Landsat (19572)

e
Year of harvest 1

W 2005

1956

f b & o A
85 th Percentile of Height |
Value
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95 th Percentile of Height

Yalue

002344
0
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95 th Percentile of Height

Yalue

002344
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LIDAR classification: Disturbed/ indisturbed

Fusi Q0B ESF-I r!*late of Std..Er z.valu| p- accuracy{tra accuracyite
Confusion matrix: Metrics Estimate ror g | walue | AIC ining] sting)
change No changl, . . sbavess re 2.28779.0788|1.10E-[174.34

change 302 1 turn proportion | 2076967 | 06 | 19 | 13 | 43 0.891 0.305
No change 10 11 0.03039.2959| 1.46E-(176.05
elev_p80 0.281691 | 03 | 61 | 20 | B1 0.885 0.300
0.0327/9.2445|2.36E-|170.71
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LIDAR analysis: time since disturbance

Median metric values ROIS

80
|

Year since disturbance
40

20

R20.7

o
YWear since disturbance

elev_p70_0pSplus_0pS
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Landsat8 1 August 2015

FACTS harvest data
(1956 - 2005)

P 2005
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